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(57) ABSTRACT 

Channels are assigned (56) to a subject cellular network (12) 
after taking into account the locked/unlocked Status of cells 
(20). Channels are assigned to locked cells (20') in accor 
dance with a prearranged assignment plan (36). After this 
assignment, one unlocked cell (20") is selected (50) at a 
time. An available channels list is built (54) for the selected 
unlocked cell (20"), and a channel is selected (56) from this 
list for assignment to the selected unlocked cell (20"). The 
available channels list is built (54) by evaluating all channels 
in the network (12) one at a time to determine if their 
assignment to the Selected unlocked cell (20") would cause 
undue interference in any other cell (20) of the network (12). 
If interference worse than a minimum System threshold is 
detected (82) in another cell (20), a channel is made unavail 
able for assignment unless it is a locked cell (20"). For a 
locked cell it is made unavailable (92) if the channel 
assignment would worsen interference by more than an 
offset value. 

24 Claims, 4 Drawing Sheets 
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ASSIGNING CELLULAR CHANNELS TO 
LOCKED AND UNLOCKED CELLS 

RELATED PATENTS 

The present invention is related to the United States 
Patent entitled “Method And Apparatus For Assigning Fre 
quencies. In A Cellular Network,” Ser. No. 08/850,187, Filed 
May 2, 1997, by Boyer et al., which is incorporated herein 
by reference. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to cellular telecommuni 
cations and more particularly to the assignment of channels 
in a cellular network. 

BACKGROUND OF THE INVENTION 

Providers of cellular telecommunication services wish to 
maintain minimum communication Service quality Standards 
when assigning channels to cells. They also wish to distrib 
ute and reuse channels as much as possible throughout their 
networks while maintaining at least the minimum quality 
Standards. Failure to maintain minimum quality Standards 
causes poor quality channels, which leads to customer 
dissatisfaction. Failure to distribute and reuse channels as 
much as possible throughout the network leads to increased 
blockage (i.e., busy signals) for customers and reduced 
revenues for the Service provider. 
A Service provider's cellular network is often located 

adjacent to a neighbor network. The Service provider's 
network and the neighbor network may share a common 
Spectrum. The use of this common spectrum in one net 
work's cells located at the border between the two networks 
has an effect on the other network. For example, at border 
cells a Service provider's minimum quality Standards may 
not be met due to the way the neighbor network uses the 
common Spectrum. To reduce chaos which might otherwise 
result at border cells from the completely independent use of 
the common Spectrum by the different networks, the neigh 
bor networks often agree to specified channel assignments at 
their border cells. In other words, the different networks 
Specify preset identities and locations of channels to be used 
for the long term in the border cells. As a result of Such 
agreements, the network Service providers have less free 
dom to alter the channel assignments in the border cells 
because an alteration could adversely affect the neighbor 
network and be in violation of the agreement. On the other 
hand, the network Service providers have great freedom to 
assign channels as they see fit throughout the remainder of 
their own networks. 

A channel assignment problem refers to the assignment 
and reuse of channels in a network's cells. Network Service 
providers often use computer-based network automated 
channel assignment tools which, based on a wide variety of 
information Sources, provide Solutions to the channel assign 
ment problem for the network. In other words, the auto 
mated channel assignment tools provide Solutions which 
assign channels to cells to meet a wide variety of channel 
assignment constraints. Channel assignment constraints may 
include, among other factors, the assignment of channels So 
that minimum quality Standards are maintained as thor 
oughly as possible throughout the network, and the prede 
termined assignment of certain channels to certain cells, 
Such as cells located at network borders. 

However, conventional automated channel assignment 
tools fail to adequately account for Service quality degrada 
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2 
tion which may result from border cell agreements. A 
conventional automated channel assignment tool does not 
assign a channel to a cell if that assignment would cause 
Service to degrade below the minimum quality Standard at a 
remote cell. However, Service quality may already be below 
the minimum quality Standard at the remote cell as a result 
of a border cell agreement. Due to this pre-existing Substan 
dard quality, the conventional automated channel assign 
ment tool resists assigning the channel for distances which 
are much greater than a typical reuse distance. In one 
example, the conventional automated channel assignment 
tool resists assigning the channel for a maximum propaga 
tion distance away from a border cell where the degraded 
Service has been detected. The maximum propagation dis 
tance is a function of the curvature of the earth and is much 
greater than a typical reuse distance. Consequently, fewer 
channels are distributed throughout the network than 
desired, and customers are more likely to experience block 
ageS. 

What is needed therefore is an improved apparatus and 
method for an automated channel assignment tool which 
adequately accounts for the Service quality degradation 
which may result from border cell agreements. 

SUMMARY OF THE INVENTION 

Accordingly, it is an advantage of the present invention 
that an improved method and computerized apparatus for 
assigning cellular channels to locked and unlocked cells are 
provided. 

Another advantage is that an automated channel assign 
ment tool which adequately accounts for the Service quality 
degradation which may result from border cell agreements is 
provided. 

Another advantage is that channels are assigned to interior 
cells of a network So long as Such assignments make no 
more than an insignificant deterioration in Service quality at 
border cells which experience degraded Service quality due 
to a prearranged assignment. 

Another advantage is that, except for cells which are 
Subject to prearranged channel assignments, channels are 
assigned to cells So that no cell experiences less than a 
minimum Service quality. 
The above and other advantages of the present invention 

are carried out in one form by a method for assigning 
channels in a cellular network to locked cells having prear 
ranged channel assignments and to unlocked cells having 
channel assignments that are not prearranged. The method 
calls for allotting channels to the locked cells in accordance 
with a prearranged assignment plan to effect assignment of 
the channels in the locked cells. First interference Statistics 
are calculated to characterize interference at the locked cells 
for the channels. An allotment of a first one of the channels 
to a first one of the unlocked cells is simulated. Second 
interference Statistics are then calculated to characterize 
interference at the locked cells for the first channel in 
response to the simulation. The first channel is allotted to the 
first unlocked cell to effect an assignment of the first channel 
in the first unlocked cell if the Second interference Statistics 
indicate less interference for the first channel than is indi 
cated by the first interference statistics for the first channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present invention 
may be derived by referring to the detailed description and 
claims when considered in connection with the Figures, 



US 6,456,848 B1 
3 

wherein like reference numbers refer to Similar items 
throughout the Figures, and: 

FIG. 1 shows a Schematic layout diagram of an environ 
ment in which neighboring cellular radio communication 
networks share a common border; 

FIG. 2 shows a block diagram of a general purpose 
computer Suitable for practicing one embodiment of the 
present invention; 

FIG.3 shows a flow chart of a channel assignment proceSS 
performed in accordance with one embodiment of the 
present invention; 

FIG. 4 shows an exemplary table which characterizes a 
prearranged assignment plan that affects cells located at a 
border between two neighboring cellular radio communica 
tion networks, 

FIG. 5 shows a flow chart of a build available channels list 
proceSS performed as a part of the channel assignment 
process of FIG. 3; and 

FIG. 6 shows a flow chart of an assign channel proceSS 
performed as a part of the channel assignment process of 
FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows a Schematic layout diagram of an environ 
ment 10 in which a first cellular RF communication network 
12 and a second cellular RF communication network 14 
reside. First network 12 is adjacent to second network 14 at 
a border 16. First and second networks 12 and 14 share a 
common Spectrum which is configured as a pool of 
bi-directional channels. Accordingly, at and around border 
16 the use of this common spectrum by second network 14 
limits the freedom first network 12 has in using the common 
Spectrum while maintaining minimum channel quality Stan 
dards. The discussion below is presented from the perspec 
tive of assigning cellular channels in first network 12, which 
is also referred to as Subject network 12, to account for 
channel assignments at border 16 with first network 14, 
which is also referred to as neighbor network 14. 

Each of subject and neighbor networks 12 and 14 includes 
any number of land stations or base stations 18. Each base 
station 18 controls at least one cell 20 or a face or sector of 
a cell 20. In other words, each cell 20 is associated with a 
base Station 18 and Vice-versa. For purposes of the present 
description, the term “cell' hereinafter applies both to an 
entire cell and to an individual face or Sector of a cell. Base 
Stations 18 may couple to mobile telephone Switching offices 
(not shown) in a manner well known in the art. 

Cells 20 which reside at border 16 are referred to as 
border cells 20', and cells 20 which are not adjacent to a 
border are referred to as interior cells 20". Border cells 20' 
are also referred to as locked cells 20' below because border 
cells 20' may be Subject to a prearranged channel assignment 
agreement between Subject network 12 and neighbor net 
work 14. This agreement Specifies the channels to be 
assigned by Subject network 12 and neighbor network 14 in 
border cells 20'. Thus, the agreement essentially locks the 
channel assignments for border cells 20' So that subject 
network 12 does not have the freedom to change Such 
channel assignments at will. Conversely, interior cells 20' 
are also referred to below as unlocked cells 20" because 
Subject network 12 has great freedom to make and alter 
channel assignments therein as it sees fit. While locked cells 
20' tend to reside at border 16 and unlocked cells 20" tend 
to reside away from border 16 in a typical Scenario, this is 
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4 
not a requirement. In certain situations, Some locked cells 
20' may not be located at or even near border 16 and/or some 
unlocked cells 20" may reside at border 16. 

FIG. 1 illustrates cells 20 as being non-overlapping, 
regular, hexagonal shapes of equal size and without inter 
vening gaps. This regular hexagonal representation is con 
Venient for Schematically denoting a cells area. However, 
those skilled in the art will appreciate that the actual shape 
and size of cells 20 will vary widely from cell to cell, and 
that overlap and gaps will appear between cells 20. 
Moreover, FIG. 1 exaggerates border 16 for clarity. Those 
skilled in the art will appreciate that no structure is required 
to denote border 16 and that border 16 simply indicates the 
place where the jurisdiction of Subject network 12 ends and 
the jurisdiction of neighbor network 14 begins. 
The present invention provides a method and apparatus 

for assigning channels in subject network 12 (FIG. 1). The 
invention may be practiced using a programmed computer 
Such as the general purpose computer 22 illustrated in the 
block diagram of FIG. 2. Referring to FIG. 2, computer 22 
includes an input/output device 24, a processor 26, memory 
28, all connected to a bus 30. In response to commands, in 
the form of computer Signals, from input/output device 24, 
processor 26 executes one or more computer programs 
Stored, at least temporarily, in memory 28 to generate 
channel assignments for subject network 12 (FIG. 1). 

Other hardware configurations are Suitable for general 
purpose computer 22, and are intended to be within the 
Scope of the invention. For example, input/output device 24 
may include Separate devices Such as a mouse, keyboard, 
display terminal, printer, network interface, and/or any other 
device that performs input or output. Processor 26 may 
include a single processing device (e.g., a microprocessor), 
or multiple processing devices. Memory 28 may include 
primary memory Such as Semiconductor memory, Secondary 
memory Such as magnetic disk or a tape, CD memory, and/or 
any other conventional computer Storage device. 
The above-described programmed computer may perform 

the methods of the invention for assigning channels in 
subject network 12 (FIG. 1). According to another embodi 
ment of the invention, a programmed distributed processing 
System may perform the methods of assigning channels. 
According to yet another embodiment of the invention, an 
apparatus may be specially constructed to perform the 
methods of assigning channels. For simplicity, Various 
embodiments of the method will be described with reference 
to programmed general purpose computer 22 shown in FIG. 
2. However, it should be understood that the methods of the 
invention may be performed by any of the above-described 
apparatus, including but not limited to the programmed 
distributed processing System, the Specially constructed 
apparatus, or any other machine configured to perform the 
methods. 
The programmed computer performs a method of assign 

ing channels to cells 20 (FIG. 1) in subject network 12 (FIG. 
1) when processor 26 executes the one or more programs 
Stored in memory 28. In particular, processor 26 generates a 
difficulty factor, discussed below, for each unlocked cell 20" 
(FIG. 1) of subject network 12, selects an unlocked cell 20" 
based on each cell's difficulty factor, and Selects a channel 
for the selected unlocked cell 20". By repeating these steps, 
processor 26 produces channel assignments that are used to 
operate Subject network 12. In particular, the channel assign 
ments define the carrier frequencies, CDMA PN offsets, 
and/or other channelizing parameters used to communicate 
between the base Station and each of the cellular radio 



US 6,456,848 B1 
S 

telephones (not shown) in each cell 20 of subject network 
12. The number of channels assigned to a cell 20 depends, 
at least in part, on the expected Volume of calls in the cell 
2O. 

FIG.3 shows a flow chart of a channel assignment proceSS 
32 performed by programmed computer 22 (FIG. 2) in 
accordance with one embodiment of the present invention. 
ProceSS 32 may be initiated in response to user input. 

Process 32 includes a task 34 which assigns or allots 
channels to locked cells 20' (FIG. 1) in accordance with a 
prearranged assignment plan 36, an exemplary tabular rep 
resentation of which is presented in FIG. 4. Prearranged 
assignment plan 36 may result from an agreement between 
the service providers in subject network 12 (FIG. 1) and 
neighbor network 14 (FIG. 1), but prearranged assignment 
plan 36 may also result from any other criteria or whim that 
the service provider of subject network 12 may wish to 
apply. 

Referring briefly to FIG. 4, prearranged assignment plan 
36 specifies that certain locked cells 20' (FIG. 1), as iden 
tified through a cell tower location column 38 in plan 36, are 
to have certain bi-directional channels assigned thereto, as 
identified through a channels column 40. Plan 36 may 
include additional information, Such as maximum transmis 
sion power for each locked cell 20', as identified through a 
transmit power column 42, and/or other information as may 
be desirable. Plan 36 may include such information for both 
subject network 12 and neighbor network 14. Dashes in FIG. 
4 represent geographical location data, transmission power 
level data, channel identity data, and the like. 

Referring back to FIG. 3, by assigning or allotting chan 
nels to locked cells 20' in task34, unless the assignments are 
later changed, the identified locked cells 20' will use the 
assigned or allotted channels in conducting calls. Desirably, 
task 34 assigns channels to neighbor network locked cells 
20' as well as to subject network locked cells 20' So that the 
neighbor network locked cells 20" may be accounted for in 
Subsequent assignments of channels to unlocked cells 20" in 
Subject network 12. As a result of the assignments in task34, 
channel quality in at least one of Subject network locked 
cells 20' is likely to degrade beneath a predetermined quality 
level that service providers in subject network 12 try to 
maintain throughout Subject network 12. However, the Ser 
Vice providers may not have the freedom to alter channel 
assignments to improve Such degraded channel quality due 
to an agreement with the Service providers in neighbor 
network 14 or for other reasons. 

After channels are assigned to locked cells 20' in task 34, 
a task 44 calculates Statistics which characterize interference 
at locked cells 20' for subject network 12 and records the 
calculation results. In the preferred embodiment, task 44 
calculates carrier Signal Strength to interference Signal 
strength ratios (C/I's) for both forward and reverse links of 
the various bi-directional channels. Forward links are used 
to convey communications from base stations 18 (FIG. 1) to 
radio telephones, and reverse linkS convey communications 
from radio telephones to base stations 18. In one 
embodiment, C/I's are Separately calculated and evaluated 
for co-channel interference, adjacent channel interference, 
and nearly adjacent channel interference. In another 
embodiment, forward channel, reverse channel, co-channel, 
and adjacent channel C/IS are combined into a common 
interference Statistic which is then evaluated. In other 
embodiments, alternate Statistics Such as bit or data error 
rates may be devised to characterize interference and/or 
other Signal quality factors. 
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6 
At task 44, all channels assigned to locked cells 20' in task 

34 are Simulated as being in use. Using modeling techniques 
known to those skilled in the art, interference is then 
characterized in all cells in response to the channels simu 
lated as being in use at locked cells 20". In the preferred 
embodiments, interference modeling techniques Separately 
calculate interference Statistics for forward and reverse links 
of each bi-directional channel in each locked cell 20'. 
Interference calculations are also desirably based upon Such 
factors as cell tower locations, cell transmission power, cell 
antenna patterns and a geographical database describing the 
terrain, foliage, buildings, and possibly building materials. 

After task 44, a task 46 begins a programming loop that 
continues until channel needs for all cells 20 have been 
fulfilled by channel assignments. Task 46 updates cumula 
tive carrier-to-interference ratios (C/I's) of channels which 
may have been newly assigned to cells. At the first iteration 
of task 46, the results of the previous task 44 are simply used 
as the cumulative total. 

During Subsequent iterations of the programming loop, 
task 46 determines the interference effect in all channels and 
at all cells 20 of assigning a specified channel to a Specified 
unlocked cell 20". Selected C/I ratios recorded for the 
channels at cells 20 are lowered by an amount which is 
determined in response to interference calculations similar 
to those discussed above in connection with task 44. Only 
the newly specified channel and related channels, Such as 
adjacent channels, need be evaluated in task 46 in these 
Subsequent iterations, and the unlocked cell 20" to which the 
newly Specified channel was assigned may be omitted from 
the evaluation of task 46 in these Subsequent iterations. 
AS will be discussed below, on occasion channels will be 

unassigned en masse. When task 46 is performed after Such 
events, task 46 evaluates the interference consequence of the 
unassignment on all channels in all cells 20. 
To give an overview, after task 46, a task 48 generates a 

difficulty factor for each unlocked cell 20" in subject net 
work 12. In a subsequent task 50, computer 22 (FIG. 2) 
Selects an unlocked cell 20" based on each unlocked cells 
difficulty factor. Then, in a task 52 a process 54 is performed 
to build an available channels list for the unlocked cell 20" 
Selected in task 50. Process 54 is discussed in more detail 
below in connection with FIG. 5. After task 52, a task 56 
performs a proceSS 58 to assign a channel to the unlocked 
cell 20" selected above in task 50 from the channels included 
by task 52 in the available channels list for that unlocked cell 
20". Process 58 is discussed in more detail below in con 
nection with FIG. 6. 

Following task 56, a query task 60 determines whether 
there are any unlocked cells 20" in subject network 12 that 
need channels, and whether channels are available for those 
unlocked cells 20". If the answer is “yes” to both questions, 
program control in process 32 loops back and repeats tasks 
46, 48, 50, 52, and 56 to assign another channel to the same 
or another unlocked cell 20". 

If the answer is “no' to either question in task 60, a query 
task 62 determines whether every unlocked cell 20" has had 
its channel needs fulfilled. If the answer is “no” at task 62, 
a task 64 updates the adjustment factor for each unlocked 
cell 20", revokes the assignment of all previously assigned 
channels en masse for all unlocked cells 20", and loops back 
to task 46 repeat the channel assignment proceSS for 
unlocked cells 20" using the new adjustment factors. 

Each loop through tasks 46,48, 50, 52, 56 and 60 is called 
a “pass' herein. Each loop which includes any number of 
passes and additionally includes taskS 62 and 64 is called an 
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"iteration' herein. The programmed computer 22 may be 
able to complete the assignment of channels in one iteration, 
i.e., without ever looping back to task 46 from task 62. Such 
a situation may occur when the pool of available channels is 
large relative to the number of channels required by cells 20 
of subject network 12. However, computer 22 may need to 
perform several iterations before it is able to fulfill the 
channel needs of each unlocked cell 20" and complete the 
assignment of channels in Subject network 12. The channel 
needs of locked cells 20' are fulfilled by task 34, and the 
needs of neighbor network 14 are of no concern to the 
service provider of subject network 12. 

According to an embodiment of the invention, computer 
22, in task 48, generates each unlocked cell's difficulty 
factor based on an adjustment factor for that unlocked cell 
20". During a first iteration, the adjustment factors for each 
unlocked cell 20" are set equal to 0. In task 64, the 
adjustment factor for each unlocked cell 20" is updated 
based on whether the unlocked cell 20" was deemed to be an 
“easy” cell (i.e., process 32 fulfilled the cell's channel 
requirements during the iteration), or a “hard” cell (i.e., 
process 32 did not fulfill the cell's channel requirements 
during the iteration). In task 64, for each “hard” cell, the 
cells adjustment factor is determined according to equation 
(1). 

Adjustment factor=Number of unfilled channels for the 
“hard cell Eq.(1). 

For each “easy” cell, task 64 sets the cell's adjustment 
factor according to equation (2). 

Adjustment factor=(-1)(ULA) L Eq.(2). 

where: 

U=Sum of all unfilled needs over all cells, 
A=Sum of all the available channels over all cells after the 

last assignment, and 
L=number of available channels for the “easy” cell after 

the last assignment for the “easy cell. 
The fraction (U/A) forces the sum of all adjustment 

factors to be Zero So that there is no net increase or decrease 
in overall adjusted difficulty. As a result, the “easy” cells are 
made “easier' by the same amount that the “hard” cells are 
made “harder'. 
When task 62 eventually determines that all unlocked 

cells 20" have had their channel needs fulfilled, the assign 
ment of channels is complete. AS indicated by ellipses in 
FIG. 3, a wide range of tasks may be performed to alter the 
channel adjustments. For example, process 32 may be 
repeated locking the assignments for Some or most of cells 
20 that were previously unlocked in the earlier performance 
of proceSS 32 with the channel assignments determined by 
that previous performance. In another example, the channel 
assignments may be manually adjusted. 

After final adjustments, a task 66 is performed to config 
ure base stations 18 (FIG. 1) to operate using the channels 
assigned to the associated cells 20. In particular, to the extent 
needed equipment is acquired, installed, tuned, and placed in 
Service So as to use the channel assignments. Following task 
66, a task 68 maintains the assignments at the respective 
base Stations 18 over a long term period that extends during 
calls which use the assigned channels to convey communi 
cations and during the intervening periods between calls 
where Some or all of the assigned channels are not being 
used. In a typical Scenario channel assignments may be 
maintained for a period of Several weeks or months. By 
being able to maintain the channel assignments for extended 
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periods that include durations where the channels are not 
actually being used, the existing cellular infrastructure may 
be used without requiring the expense of extensive equip 
ment revisions necessary for a more dynamic channel 
assignment Scheme. 
As discussed above, task 52 performs a process 54 which 

builds an available channels list from which task 56 selects 
a channel to assign to the Selected unlocked cell 20" for each 
pass of the programming loop of process 32. A flow chart of 
process 54 is shown in FIG. 5. 

Process 54 is performed when an unlocked cell 20" has 
been Selected to receive a channel assignment. ProceSS 54 
may be implemented using nested programming loops, with 
an outer loop cycling through all channels in the pool of 
channels available to Subject network 12 and an inner loop 
cycling through nearly all cells 20 in Subject network 12 for 
the channel which is the Subject of a particular iteration of 
the outer loop. A task 70 is used in managing the outer loop. 
Task 70 gets or selects the next channel from the pool of all 
channels available to subject network 12. Before exiting 
process 54, all channels available to subject network 12 will 
be selected. The last channel to be selected is referred to as 
the nth channel herein. 

Next, a query task 72 determines whether the selected 
channel meets at least minimum channel Separation con 
Straints imposed on Subject network 12. Channel Separation 
constraints prevent the assignment of the same and possibly 
a Small group of adjacent channels to a cell 20 in which the 
channel has already been assigned. Likewise, Such con 
Straints prevent the assignment of the Same and possibly a 
couple or few adjacent channels to a cell 20 that is adjacent 
or otherwise near a cell 20 in which the channel has already 
been assigned. Such channels which do not meet minimum 
channel Separation constraints may be deemed as unsuitable 
for inclusion in the available channels list for the selected 
unlocked cell 20" and filtered out immediately at task 72 
without the need for further processing. 
When task 72 detects such a channel, a query task 74 

determines whether that channel was the last or nth channel. 
If the nth channel has been detected, program flow exits 
process 54 and proceeds to task 56 (FIG. 3) as discussed 
above. At this point the available channels list will have been 
built by evaluating all channels for the Selected unlocked 
cell 20". 
When task 74 determines that the selected channel is not 

the nth channel, program flow loops back to task 70 to 
perform another iteration of the Outer loop and evaluate the 
next channel for possible inclusion in the available channels 
list for the selected unlocked cell 20". 
When task 72 detects that a selected channel meets 

minimum channel Separation constraints, a task 76 Simulates 
the assignment or allotment of the Selected channel to the 
Selected unlocked cell 20". The simulation of task 76 occurs 
for the purpose of Subsequent calculations and does not 
represent the assignment of a channel to the Selected 
unlocked cell 20". 

After task 76, a task 78 is used in managing the inner 
programming loop. Task 78 gets or Selects the next target 
cell for Subsequent interference calculations. A goal of the 
Subsequent interference calculations is to determine the 
interference effect of assigning the Selected channel in the 
selected unlocked cell 20" on all other cells 20 in subject 
network 12. Hence, a target cell for the purposes of the inner 
programming loop is any and eventually all cells other than 
the unlocked cell 20" that has been selected to receive a 
channel assignment prior to entering proceSS 54. The target 
cells include all locked cells 20' and all unlocked cells 20", 
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except for the unlocked cell 20" selected to receive a channel 
assignment. The last target cell to be Selected is referred to 
as the nth target cell herein. 

After task 78, a task 80 separately calculates forward link 
C/I and reverse link C/I for the selected channel in the target 
cell based upon the simulation of task 76. In the preferred 
embodiment, the calculations are performed using interfer 
ence modeling techniques similar to those discussed above 
in connection with task 44 (FIG.3). The results are recorded, 
at least temporarily, in association with the target cell and 
Selected frequency. 

Following task 80, a query task 82 determines whether 
both of the forward and reverse link C/I's calculated above 
in task 80 are greater than a predetermined interference level 
referred to below as a system threshold. A C/I in excess of 
the System threshold indicates leSS interference than the 
minimum system requirements. With a C/I in excess of the 
system threshold, the selected channel would be deemed to 
cause Sufficiently low interference in the target cell as to be 
available for use, if it likewise causes sufficiently low 
interference in all other target cells. The System threshold is 
set by a user of computer 22 (FIG.2) as desired. AC/I value 
of around 18 dB may be viewed as being typical for the 
System threshold, but this is by no means a requirement of 
the present invention. 

If task 82 determines that each of the forward link and 
reverse link C/I's exceed the System threshold, a query task 
84 determines whether the current target cell is the last or nth 
target cell. If the current target cell is not the last target cell, 
then program flow loops back to task 78 in accordance with 
the inner programming loop to evaluate the Selected channel 
at another target cell. AS discussed below, the inner pro 
gramming loop exits back to the Outer programming loop 
when a determination is made that a Selected channel causes 
too much interference in any target cell and therefore should 
not be included on the available channels list. Task 84 is 
performed only if Such a determination has not been made. 
Accordingly, when task 84 determines that the last target cell 
has been evaluated, a task 86 adds the channel to the 
available channels list, which is simply a list of channel 
identities. After task 86, program flow exits to the outer 
programming loop by proceeding to task 74. 
When task 82 determines that either one of the forward 

link and reverse link C/I's calculated in task 80 is less than 
the system threshold, a query task 88 is performed. Task 88 
determines whether the target cell is a locked cell 20'. The 
determination may be made by evaluating locked/unlocked 
status data (not shown) associated with cell 20 identities. 
Alternatively, the determination may be made by removing 
the effects of the simulation of task 76 and determining if the 
resulting C/I's for the Selected channel in that target cell are 
less than the System threshold. If the target cell is not a 
locked cell 20' (i.e., is an unlocked cell 20"), program flow 
exits to the outer programming loop by proceeding to task 
74. The selected channel will not be included on the avail 
able channels list. Accordingly, task 88 prevents the quality 
of service within subject network 12 from going below the 
Service quality achievable using the System threshold at all 
except locked cells 20". Further evaluation is performed for 
locked cells 20'. 
When task 88 determines that the target cell is a locked 

cell 20', a task 90 sets a new threshold to be used in lieu of 
the system threshold. Task 90 sets new thresholds for each 
of the forward and reverse links to be slightly lower than the 
original C/I calculated for that target cell and Selected 
channel above in task 44 (FIG. 3). In other words, task 90 
subtracts a small offset from a prior C/I calculated for the 
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target cell and the Selected channel and uses the resulting 
value as a new threshold. 

Following task 90, a query task 92 determines whether the 
forward and reverse link C/I's separately calculated above in 
task 80 are greater than the new forward and reverse link 
thresholds calculated above in task 90. If each of the forward 
and reverse link C/IS is greater than the corresponding new 
threshold for the target locked cell 20, then the selected 
channel is still deemed to be available for inclusion on the 
available channels list even though interference greater than 
the System threshold is being detected in the target locked 
cell 20'. In this situation, program flow continues to task 84 
to evaluate the Selected channel in the next target cell or 
include the selected channel in the available channels list if 
the nth target cell has been evaluated. If either the forward 
or reverse link C/I is less than the corresponding new 
threshold, then the Selected channel is deemed to be unavail 
able for assignment to the selected unlocked cell 20", and 
program flow exits the inner programming loop by proceed 
ing to task 74. 

Together, tasks 90 and 92 allow service quality in locked 
cells 20' to degrade a Small amount, if necessary, from 
Service quality achievable if a channel were not assigned in 
a remote unlocked cell 20". This degradation is permitted 
even when the locked cells 20' are already experiencing 
Service quality beneath System Standards. That Small amount 
is determined by the offset Subtracted in task 90. Desirably, 
the offset is less than 2.0 dB. At this level neighbor network 
14 border assignments over which subject network 12 has no 
control do not penalize Subject network 12 by limiting the 
reuse of channels distributed throughout Subject network 12. 
More desirably, the offset is less than 0.3 dB. At this level the 
degradation of Service quality is So Small that it is practically 
undetectable by customers of subject network 12, and the 
amount of channel reuse is not Seriously influenced. 

In the preferred embodiment, the offset is set even as low 
as 0.1 dB to make any degradation in Service insignificant 
while Still not Seriously influencing channel reuse. Such a 
Small offset is usable because the dominant influence over 
the C/I's calculated in task 80 are from the locked cells 20', 
with the unlocked cell 20" to which an assignment has been 
Simulated in task 76 asserting only a Small influence. 
Moreover, with a sufficiently small offset, such as 0.1 dB, 
computer 22 may be configured So as not to consume 
memory Saving original C/I ratioS from task 44. In this 
alternate embodiment, the prior C/I's referenced in task 90 
may be determined from a prior pass of the programming 
loop of process 32 (FIG. 3). Other assignments of channels 
to other unlocked cells 20' may cause further deterioration in 
C/I for certain unlocked cells 20', but the offset is so Small 
that the cumulative deterioration is still practically undetect 
able. 
As discussed above, task 56 (FIG. 3) performs a process 

58 which assigns a channel selected from the available 
channels list to the selected unlocked cell 20" for each pass 
of the programming loop of process 32. A flow chart of 
process 58 is shown in FIG. 6. 

Process 58 is performed when an unlocked cell 20" has 
been Selected to receive a channel assignment, and the 
available channels list has been built for the selected 
unlocked cell 20". Process 58 includes a task 94 in which 
one channel is picked from the available channels list. In a 
Subsequent task 96, for the channel picked in 94, process 58 
determines C/I ratios between the selected unlocked cell 20" 
and each of the other cells 20 in subject network 12 for the 
picked channel. In the preferred embodiment, task 96 Sepa 
rately calculates C/I's for forward and reverse links of the 
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picked channel. Next, in a task 98 the smallest or minimum 
C/I is identified from all the C/I's calculated in task 96. The 
Smallest C/I represents the worst interference relationship 
between the selected unlocked cell 20" and a use of the 
picked channel at another cell 20. 

After task 98, a query task 100 determines whether all of 
the channels listed in the available channels list have been 
picked. If the answer is “no”, process 58 loops back and 
repeats tasks 94, 96, 98 and 100. If the answer is “yes”, a 
task 102 is performed. Upon initiating task 102, process 58 
has identified the Smallest C/I's, i.e., the worst interference 
relationship, between the selected unlocked cell 20" and 
another cell 20, for the forward and reverse links of each 
available channel. In task 102, process 58 chooses from 
these “smallest C/I forward and reverse link pairs that 
channel which has the largest forward and reverse link C/I's, 
i.e., that channel which is the least likely to be affected by 
interference from a particular Source, as the Selected channel 
for the unlocked cell 20" selected in task 50 (FIG. 3). As a 
result of task 102, the chosen channel is assigned to the 
Selected unlocked cell 20". 

If there is a tie between two or more channels, task 102 
is desirably consistent in choosing one of the channels as the 
Selected channel. In one embodiment, if there is a tie 
between two or more channels, task 102 selects the lowest 
frequency of the tied channels. In another embodiment, task 
102 selects the highest frequency of the tied channels. 

After task 102, program control proceeds to task 60, 
discussed above in connection with FIG. 3. 

In Summary, the present invention provides an improved 
method and computerized apparatus for assigning cellular 
channels to locked and unlocked cells. An automated chan 
nel assignment tool which adequately accounts for the 
Service quality degradation that may result from border cell 
agreements is provided. Channels are assigned to interior or 
other unlocked cells of a network So long as Such assign 
ments make no more than an insignificant deterioration in 
Service quality at border or other locked cells which expe 
rience degraded Service quality due to a prearranged assign 
ment. Except for cells which are Subject to prearranged 
channel assignments, channels are assigned to cells So that 
no cell experiences less than a minimum Service quality. 

Although the preferred embodiments of the present inven 
tion have been illustrated and described in detail, it will be 
readily apparent to those skilled in the art that various 
modifications and equivalents may be made therein without 
departing from the Spirit of the invention or from the Scope 
of the appended claims. For example, those skilled in the art 
will appreciate that the Sequencing and grouping of tasks 
herein described can be greatly altered while achieving 
equivalent results. Computer program Segments may be 
configured to perform tasks Similar to those discussed herein 
or otherwise in a one-to-one correspondence, with multiple 
tasks per Segment, multiple Segments per task, and different 
Segments may be obtained by performing the Same task at 
different times. These and other changes and modifications 
are intended to be included within the Scope of the present 
invention. 
What is claimed is: 
1. A method for assigning channels in a cellular network 

to locked cells having prearranged channel assignments and 
to unlocked cells having channel assignments that are not 
prearranged, Said method comprising: 

a) allotting channels to Said locked cells in accordance 
with a prearranged assignment plan to effect assign 
ment of Said channels in Said locked cells, 

b) calculating first interference Statistics characterizing 
interference at Said locked cells for Said channels, 
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c) simulating an allotment of a first one of Said channels 

to a first one of Said unlocked cells, 
d) calculating Second interference Statistics characterizing 

interference at Said locked cells for Said first channel in 
response to Said simulating activity c); and 

e) allotting said first channel to Said first unlocked cell to 
effect an assignment of Said first channel in Said first 
unlocked cell if Said Second interference Statistics indi 
cate leSS interference for Said first channel than is 
indicated by said first interference statistics for said first 
channel. 

2. A method as claimed in claim 1 wherein Said locked 
cells are border cells for said cellular network. 

3. A method as claimed in claim 1 wherein said first and 
Second interference Statistics represent ratioS of carrier Sig 
nal Strength to interference Signal Strength. 

4. A method as claimed in claim 1 wherein: 
a base Station of Said cellular network is associated with 

Said first unlocked cell; and 
said allotting activity e) comprises configuring said base 

Station to operate using Said first channel. 
5. A method as claimed in claim 1 wherein Said allotting 

activity e) comprises continuously maintaining said assign 
ment of said first channel in said first cell while said base 
Station engages in a plurality of calls using Said first channel 
and between Said calls when Said base Station does not use 
Said first channel. 

6. A method as claimed in claim 1 wherein: 

Said channels are bidirectional channels having forward 
and reverse links; 

Said first interference Statistics Separately characterize 
interference at Said locked cells for forward links of 
Said channels and for reverse links of Said channels, 

Said Second interference Statistics Separately characterize 
interference at said locked cells for said forward link of 
said first channel and for said reverse link of said first 
channel; and 

said allotting activity e) allots said first channel to said 
first unlocked cell if Said Second interference Statistics 
for Said forward link indicate leSS interference than is 
indicated by Said first interference Statistics for Said 
forward link of said first channel and if said second 
interference Statistics for Said reverse link indicate leSS 
interference than is indicated by Said first interference 
Statistics for Said reverse link of Said first channel. 

7. A method as claimed in claim 1 wherein: 

said calculating activity d) also calculates a third inter 
ference Statistic characterizing interference at a Second 
unlocked cell for said first channel in response to Said 
Simulating activity c); and 

said allotting Step e) allots said first channel to said first 
unlocked cell if Said third interference Statistic indicates 
leSS interference than a predetermined threshold. 

8. A method as claimed in claim 1 wherein Said allotting 
activity e) comprises: 

calculating a third interference Statistic characterizing 
interference at said first unlocked cell for said first 
channel; 

calculating fourth interference StatisticS characterizing 
interference at said first unlocked cell for others of Said 
channels, and 

allotting Said first channel to Said first unlocked cell if Said 
third interference Statistic indicates less interference for 
Said first channel than Said fourth interference Statistics 
indicate for Said others of Said channels. 



US 6,456,848 B1 
13 

9. A method as claimed in claim 1 additionally comprising 
repeating said simulating activity c), said calculating activity 
d) and said allotting activity e) for a Second one of Said 
channels. 

10. A method as claimed in claim 1 additionally compris 
ing repeating Said simulating activity c), said calculating 
activity d) and said allotting activity e) for a second one of 
Said unlocked cells. 

11. A method as claimed in claim 1 wherein Said allotting 
activity e) allots said first channel to said first unlocked cell 
if, for all of Said locked cells, Said Second interference 
Statistics indicate leSS interference for Said first channel in 
each locked cell than is indicated by Said first interference 
Statistics for Said first channel in each locked cell. 

12. A method as claimed in claim 1 wherein Said allotting 
activity e) allots said first channel to said first unlocked cell 
if Said Second interference Statistics indicate leSS interfer 
ence than a predetermined threshold. 

13. A method as claimed in claim 1 wherein Said allotting 
activity e) allots said first channel to said first unlocked cell 
if Said Second interference Statistics and Said first interfer 
ence Statistics indicate Substantially equal interference for 
Said first channel. 

14. A method as claimed in claim 13 wherein said 
allotting activity e) allots said first channel to said first 
unlocked cell if Said Second interference Statistics indicate 
interference for Said first channel which is greater than 
indicated by said first interference statistics for said first 
channel by an amount of less than 2.0 dB. 

15. A method as claimed in claim 13 wherein said 
allotting activity e) allots said first channel to said first 
unlocked cell if Said Second interference Statistics indicate 
interference for said first channel which is greater than 
indicated by said first interference statistics for said first 
channel by an amount of less than 0.3 dB. 

16. A method for assigning channels in a cellular network 
to locked cells having prearranged channel assignments and 
to unlocked cells having channel assignments that are not 
prearranged, Said method comprising the Steps of 

a) allotting channels to Said locked cells in accordance 
with a prearranged assignment plan to effect assign 
ment of Said channels in Said locked cells, 

b) calculating first interference Statistics characterizing 
interferences at Said locked cells for Said channels, 
wherein an interference in at least one of Said locked 
cells is greater than a predetermined interference level; 

c) simulating allotment of a first one of Said channels to 
a first one of Said unlocked cells, 

d) determining Second interference Statistics for said first 
channel as a result of Said Simulated allotment of Said 
Step c) in a plurality of locked cells and in a plurality 
of unlocked cells, and 

e) allotting said first channel to said first unlocked cell to 
effect an assignment of Said first channel in Said first 
unlocked cell if: 
interference is determined in each of Said plurality of 

unlocked cells to be less than Said predetermined 
interference level; and 

interference is determined in each of Said plurality of 
locked cells to be less than or equal to a correspond 
ing interference indicated by Said first interference 
Statistics for Said first channel in each locked cell. 

17. A method as claimed in claim 16 wherein said 
Simulating Step c) and Said calculating step d) are repeated 
for Second through nth ones of Said channels, and Said 
allotting step e) comprises the steps of: 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

14 
forming an available channels list which includes those 

ones of said first through nth channels for which said 
calculating step d) calculates interference in each of 
Said plurality of unlocked cells to be less than Said 
predetermined interference level, and for which Said 
calculating step d) calculates interference in each of 
Said plurality of locked cells to be less than or equal to 
a corresponding interference indicated by Said first 
interference Statistics for Said first through nth ones of 
Said channels in Said each locked cell; and 

Selecting Said first channel from those ones of Said first 
through nth ones of Said channels included in Said 
available channels list. 

18. A method as claimed in claim 17 wherein said 
Selecting Step comprises: 

calculating third interference Statistics characterizing 
interferences at Said first unlocked cell for those ones of 
Said first through nth channels included in Said avail 
able channels list; and 

determining if Said third interference Statistics indicate 
less interference for said first channel than for others of 
Said first through nth channels included in Said avail 
able channels list. 

19. A method as claimed in claim 16 wherein said 
allotting step e) allots said first channel to Said first unlocked 
cell if: 

interference is determined in each of Said plurality of 
unlocked cells to be less than Said predetermined 
interference level; and 

for each of Said plurality of locked cells, interference is 
determined to be either less than or equal to a corre 
sponding interference indicated by Said first interfer 
ence Statistics for Said first channel or to be less than 
Said predetermined interference level. 

20. A method for assigning channels in a cellular radio 
communication network having border cells and interior 
cells each of which have base Stations associated therewith, 
Said network complying with a prearranged assignment plan 
that dictates assignments of Specified channels in Specified 
border cells, Said prearranged assignment plan causing at 
least one of Said border cells to have greater than a prede 
termined interference level, and Said method comprising: 

a) calculating first interference Statistics characterizing 
interferences at Said border cells for Said channels, 

b) simulating allotment of a first one of Said channels to 
a first one of Said interior cells, 

c) determining Second interference Statistics for said first 
channel as a result of Said Simulated allotment of Said 
Step b) in a plurality of border cells and in a plurality 
of interior cells; 

d) allotting said first channel to said first interior cell if: 
interference is determined in each of Said plurality of 

interior cells to be less than Said predetermined 
interference level, and 

interference is determined in each of Said plurality of 
border cells to be less than Said predetermined inter 
ference level, to be less than or equal to a corre 
sponding interference indicated by Said first interfer 
ence Statistics for Said first channel, or to be greater 
than Said predetermined interference level by an 
amount of no more than 2.0 dB; and 

e) configuring a base station associated with said first 
interior cell to operate using Said first channel. 

21. A computerized apparatus for assigning channels in a 
cellular network to locked cells having prearranged channel 
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assignments and to unlocked cells having channel assign 
ments that are not prearranged, Said computerized apparatus 
comprising: 

an input/output device; 
a memory, coupled to Said input/output device, wherein 

Said memory Stores a computer program; 
a processor, coupled to Said input/output device and Said 
memory, wherein Said processor executes Said com 
puter program in response to a command from Said 
input/output device, Said computer program compris 
ing: 
a first channel assignment Segment which assigns chan 

nels to Said locked cells in accordance with a prear 
ranged assignment plan; 

a first interference calculating Segment which calcu 
lates first Statistics characterizing interference at Said 
locked cells for Said channels, 

an allotment Simulating Segment which Simulates an 
allotment of a first one of Said channels to a first one 
of Said unlocked cells, 

a Second interference calculating Segment which cal 
culates Second interference StatisticS characterizing 
interference at Said locked cells for Said first channel 
based upon Said allotment Simulating Segment, and 

a Second channel assignment Segment which assigns 
said first channel to said first unlocked cell if said 
Second interference Statistics indicate less interfer 
ence for Said first channel than is indicated by Said 
first interference Statistics for Said first channel. 

22. A computerized apparatus as claimed in claim 21 
wherein: 

Said Second interference calculating segment also calcu 
lates a third interference Statistic characterizing inter 
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ference at a Second unlocked cell for said first channel 
in response to Said Simulating Segment; and 

Said Second channel assignment Segment assigns Said first 
channel to said first unlocked cell if said third interfer 
ence Statistic indicates leSS interference than a prede 
termined threshold. 

23. A computerized apparatus as claimed in claim 21 
wherein: 

Said Second channel assignment Segment comprises a 
third interference calculating Segment which calculates 
a third interference Statistic characterizing interference 
at Said first unlocked cell for Said first channel; 

Said Second channel assignment Segment comprises a 
fourth interference calculating Segment which calcu 
lates fourth interference Statistics characterizing inter 
ference at said first unlocked cell for others of Said 
channels, and 

Said Second channel assignment Segment assigns Said first 
channel to said first unlocked cell if said third interfer 
ence Statistic indicates leSS interference for Said first 
channel than Said fourth interference Statistics indicate 
for Said others of Said channels. 

24. A computerized apparatus as claimed in claim 21 
wherein: 

Said Second channel assignment Segment assigns Said first 
channel to said first unlocked cell if, for all of Said 
locked cells, Said Second interference Statistics indicate 
leSS interference for Said first channel in each locked 
cell than is indicated by Said first interference Statistics 
for Said first channel in Said each locked cell. 


